The natural phenolic compounds have received increasing interest in the last years due to their role in plants. The aim of this study was to determine the influence of microelements (selenium, copper and zinc) on content of phenolic compounds in rye malt. To obtain rye malt, grains were soaked in water with addition of three mineral salts -sodium selenate (Na2SeO4), copper sulphate (CuSO4 5H2O) and zinc sulphate (ZnSO4 7H2O) at different concentrations of salts. Total and individual phenolic compounds in rye malt were determined by spectrophotometric and HPLC methods. It was identified 19 phenol-type compounds, of which 14 were phenolic acids (7 benzoic acid, 6 cinnamic acid and 1 phenylacetic acid derivatives), four flavonoids, and one catechin. Results showed that the majority of determined phenolic compounds were in amount less than 0.1 mg 100 g -1 DM and only four of them (α-resorcylic acid, protocatechuic acid, catechin and kaempferol) were higher content than 1 mg 100 g -1 DM. Individual and total phenolic content in rye malt was higher than in non-germinated rye grain. Protocatechuic acid and catechin were not observed in rye samples, but they were present in all malt samples, indicating formation of mentioned substances in germination process.
Introduction
Rye (Secale cereale) is a cereal commonly grown in Central and Eastern Europe, especially Poland and Germany (Edney, Izydorczyk 2003) . Rye malt is the dried product of rye germinated under controlled conditions and is widely used in the production of bread, food flavouring, as ingredient for bakery products and as colour additive in the preparation of caramel (Antonenko et al., 2013) . Phenolics are the products of secondary metabolism in plants, providing essential function in the reproduction and growth of the plant, acting as defense mechanisms against pathogens and parasites (Gani et al., 2012; Reis Giada, 2013) . In food, phenolics may contribute to the bitterness, astringency, colour, flavour, odour, and oxidative stability of products (Naczk, Shahidi 2014) . Phenolics are compounds possessing one or more aromatic rings with one or more hydroxyl groups and generally are categorized as phenolic acids, flavonoids, stilbenes, coumarins and tannins (Gani et al., 2012) . The most common phenolic compounds found in wholegrain cereals are phenolic acids and flavonoids (Gani et al., 2012 ; Amarowicz, Weidner 2012). The majority of phenolic compounds are located in the bran (Ondrejovič et al., 2014) . Phenolic acids are derivatives of benzoic and cinnamic acids (Gani et al., 2012) . Phenolic acids consist of two subgroups: the hydroxybenzoic and hydroxycinnamic acids. Hydroxybenzoic acids include gallic, p-hydroxybenzoic, protocatechuic, vanillic and syringic acids. Hydroxycinnamic acids include caffeic, ferulic, pcoumaric and sinapic acids (Ozcan et al., 2014) . Plant genetics and cultivar, soil composition and growing conditions, maturity state and post-harvest conditions are effective on the quantity and quality of the polyphenols present in plant foods (Ozcan et al., 2014; Gani et al., 2012; Ondrejovič et al., 2014) , Messias (2012) , reported that mineral fertilization during the growing season increase the contents of some phenolic compounds, as maintenance of mineral levels is a prerequisite to provide co-factors for many enzymes in the phenylpropanoid pathway. Mineral micronutrients, such as zinc (Zn), and copper (Cu), as well as trace elements, including selenium (Se), have important metabolic functions, acting as cofactors for a number of antioxidant enzymes (Messias et al., 2013) . Cu is known as an essential micronutrient for the function of copper-zinc superoxide dismutases (SOD) and catalase (CAT) which are the most important reactive oxygen species scavenger enzymes. Copper plays an important role in the synthesis of phenolic compounds and its deficiency can decrease phenolics in the plants (Mehrizi et al., 2012) . Similarly, Se, for which cereals are an excellent source, is an essential trace element for the regulation of antioxidant metabolism in plants and animals. It functions as a cofactor for glutathione peroxidase, an enzyme that protects tissues against oxidative damage and has a suppressive action on cell proliferation (Messias et al., 2012) . The aim of this study was to determine the influence of microelements: selenium, copper and zinc on phenol content in rye malt.
Materials and Methods

Plant material
Experiments were carried out in Department of Food Technology at the Latvia University of Agriculture. The research object was rye grain (variety ´Kaupo´) from Ltd. Naukseni (Latvia). Rye grains of 96% viability were soaked for 48 h at 8.5 °C and there after germinated for 72 h at 12 °C. Twelve samples of rye malt were prepared. To obtain rye malt, 3 kg of grains were soaked in 10 L of water with addition of three mineral saltssodium selenate (Na2SeO4), copper sulphate (CuSO4 5H2O) and zinc sulphate (ZnSO4 7H2O) at different concentrations of salts ( 
Determination of total phenolic content (TPC)
Total phenol determination started with preparation of extracts from rye malt. Rye malt was finely ground in the laboratory mill CIATRONIC KSW 2669. Four grams from each sample were extracted for10 min in the ultrasound bath (ULTRASONS, SELECTA P) with 40 mL of solvents ethanol / acetone / water mixture. After centrifugation at 3000 min -1 for 10 min using the centrifuge MEDITRONIC BL-C, the supernatant was removed and the extraction was repeated once more. The supernatant was collected in a 50 mL volumetric flask and refilled by solvent till mark. The TPC of the malt extract was determined according to the Folin-Ciocalteu spectrophotometric method with some modifications. First, 0.25 mL of sample was transferred to a 25.0 mL volumetric flask containing 6 mL of H2O, to which 1.25 mL of undiluted Folin-Ciocalteu reagent was subsequently added. After 1 min, 3.75 mL of 20% aqueous Na2CO3 was added, and the volume was made up to 25.0 mL with H2O. The control sample contained all the reaction reagents except the extract. After 2 h of incubation at 25 °C, the absorbance was measured at 760 nm wavelength using the spectrophotometer JENWAY 6300 (Singleton et al., 1999) . Results were expressed as milligram gallic acid equivalent per 100 gram dry weight (mg GAE 100 g -1 DW). Figure 1 .
Determination of individual phenolic compounds (HPLC)
Figure 1. Calibration chromatogram of phenols
Statistical analysis
The statistical analyses of data were carried out using Microsoft Excel for Windows 7.0 (Microsoft Corporation, Redmond, WA). Mean value, standard deviations and significant value were calculated for total phenols and individual phenolic compounds. p-values<0.05 were regarded as significant.
Results and Discussion
To determine content of phenolic compounds in rye malt, rye grain was soaked in varying concentrations of selenium, copper and zinc salt solutions (Table 1) . The content of the total phenolic was higher almost 30 times compared with amount of individual phenolic compounds.
It could be explained with spectrophotometric method disadvantages, because using this method we determined not only phenolic compounds but also others compounds containing phenolic groups. The purpose of this article is to give an overview about the influence of different microelements on the tendency of phenolic compounds change in rye malt. The influence of selenium additives on total and individual phenolic content is presented in Table 2 . The obtained results (Table 2) show that all analysed selenium additives have positive influence on the content of phenolic compounds in rye malt. The highest content of total phenolic was determined at 17.0 mg L -1 of selenium and this was 37% more than in the control sample. The content of individual phenolic compounds was increased about two times. Similar results were found by other authors, suggesting that selenium increased the polyphenol content in plants (Motomura et al., 2008) . The use of copper additives had also positive influence on the content of phenolic compounds in rye malt (Table 3) . Obtained results showed that at copper concentration in solution 50 mg L -1 an increase in total phenolic content was 26% comparing with the control sample. The increase of individual phenolic content was significant (p<0.05) at all analysed copper concentrations comparing to the control, and the highest phenolic content was observed when the copper concentration in the solution was 50 mg L -1 . Analysing obtained results regarding the zinc additives it is not possible to make common conclusion about its influence on forming of phenols. Experimental results showed ( Table 4) It was identified 19 of phenol-type compounds, of which 14 were phenolic acids: 7 benzoic acid derivatives (gallic acid, α-resorcylic acid, protocatechuic acid, p-hydroxybenzoic acid, vanillic acid, syringic acid, p-coumaric acid), 6 cinnamic acid derivatives (chlorogenic acid, caffeic acid, sinapic acid, ferulic acid, o-hydroxycinnamic acid, m-hydroxycinnamic acid) and one phenylacetic acid derivative (homovanillic acid). There was also identified four flavonoids (rutin, quercetin, luteolin, kaemferol) and one flavonoid (catechin). The majority of determined phenolic compounds were less than 0.1 mg 100 g -1 , moreover, in some samples it was not possible to determine all individual phenols, because their content was under the detection limit.
The content of only four of phenolic compounds (α-resorcylic acid, protocatechuic acid, catechin and kaempferol) were higher than 1 mg 100 g -1 . The influence of selenium, copper and zinc additives on α-resorcylic acid, protocatechuic acid, catechin and kaempferol content in rye malt are shown in Figures 2, 3 and 4 . The amount of individual phenolic in rye grain was 2.92 mg 100 g -1 on average. The amount of identified phenolic compounds in malt control samples ranged from 5.48 mg 100 g -1 to 8.33 mg 100 g -1 wich was almost two or three times higher, compared with ungerminated rye grain. Two phenolic compounds (protocatechuic acid and catechin) were not identified in rye grain. The content of kaemferol in rye grain (1.73 mg 100 g -1 ) was similar with rye malt control samples (1.65-1.83 mg 100 g -1 ), but content of α-resorcylic acid (0.59 mg 100 g -1 ) was from 4.2 to 4.8 times lower compared with rye malt control samples. This can be explained by the enzymatic release of the bound antioxidants of grain as well as glycosylation reactions during malting and non-enzymatic changes during kilning. Therefore, the levels of extractable phenolic compounds are usually reported to be higher| in malt than in grain. During kilning, the level of flavan-3-ols (catechins) is decreasing, whereas the content of extractable phenolic acids increases (Čechovská et al, 2012) .
Conclusions
Selenium and copper additives had positive influence on the increase of phenolic content in malt. Regarding zinc salt additives we could not make such conclusion. It was identified 19 of phenol-type compounds, of which 14 were phenolic acids, four flavonoids and one flavanoid (catechin). The majority of determined phenolic compounds were in amount less than 0.1 mg 100 g -1 . Only four of phenolic compounds (α-resorcylic acid, protocatechuic acid, catechin, and kaempferol) were higher than 1 mg 100 g -1 . The content of α-resorcylic acid was higher comparing with other determined phenolic compounds both in control samples and samples with Se, Cu and Zn additives (1.95-2.92 mg 100 g -1 ). In control samples and samples with Zn additives catehin content was the lowest (0.06-0.17 mg 100 g -1 ). Selenium and copper additives promoted formation of catehin. The amount of individual phenolic compounds in rye grain was almost two or three times lower, compared with control samples of rye malt. Protocatechuic acid and catechin were not detected in rye grain samples. The content of kaemferol in rye grain was similar with rye malt control samples, but content of α-resorcylic acid was more than 4 times lower comparing to rye malt control samples. 
